We show that if the Standard Model gauge fields and fermions propagate in extra dimenions, a composite Higgs field with the correct quantum number can arise naturally as a bound state due to the strong gauge interactions in higher dimensions. The top quark mass and the Higgs mass can be predicted from the infrared fixed points of the renormalization group equations. The top quark mass is in good agreement with the experimental value, and the Higgs boson mass is predicted to be ∼ 200GeV. There may be some other light bound states which could be observed at upcoming collider experiments.
The origin of the electroweak symmetry breaking (EWSB) is currently one of the most important questions in particle physics. In the Standard Model (SM), it is achieved by a nonzero vacuum expectation value of a fundamental scalar Higgs field. However, this picture is not totally satisfactory: there is no understanding of the gauge quantum numbers of the Higgs field, and why its squared mass is negative. In addition, the squared-mass of a fundamental scalar field receives quadratically divergent radiative corrections, hence suffers from the "hierarchy problem" if the cutoff scale is much higher than the weak scale. This problem can be avoided if the Higgs is a composite object rather than a fundamental field, and cease to be a dynamical degree of freedom not much above the weak scale. In fact, even without the Higgs field, the electroweak symmetry would still be broken by the quark-antiquark condensate when QCD becomes strong at low energies. The breaking scale is three orders of magnitude too small. Nevertheless, it shows that a composite Higgs condensate can arise if there is strong interaction at the TeV scale.
Gauge interactions in more than four dimensions are non-renormalizable and rapidly become strong at high energies. Therefore, the SM gauge interactions can become strong at the TeV scale and be responsible for forming the composite 
− ≡ τ R . At the cutoff scale, the SM gauge interactions are strong and will produce bound states. The squared-mass of a scalar bound state has quadratic dependence on the cutoff, and can become much smaller than the cutoff scale or even negative if the coupling is sufficiently strong. Using the one-gauge-boson-exchange approximation, one finds in general among possible scalar bound states, H U = Q + U − , which has the correct quantum number to be the Higgs field, is the most attractive channel. Therefore it is most likely to aquire a negative squared-mass to break the electroweak symmetry. The composite Higgs is expected to have large coupling to its constituents, so it not only predicts the correct Higgs quantum number, but also a heavy up-type quark (top quark). The H D = Q + U − channel is also quite strongly bound while the other channels are not sufficiently strong to produce light bound states. The low-energy theory below M c is expected to be a two-Higgs-doublet model.
Compared with the usual four-dimensional dynamical EWSB models, the higherdimensional model has the advantage that the binding force can be the SM gauge interactions themselves, without the need of introducing new strong interactions. In addition, it also gives a prediction of the top quark mass naturally in the right range. In the minimal four-dimensional top quark condensate model, the top quark is too heavy, ∼ 600 GeV, if the compositeness scale is in the TeV range. 5 The correct top mass can be obtained if some additional vector-like quarks which also participate in the electroweak symmetry breaking. 6 They are naturally provided by the KK excitations of the top quark in a theory with extra dimensions. Another way of understanding of the top Yukawa coupling being ∼ 1 instead of the strong coupling value ∼ 4π is that (the zero mode of) the top quark coupling receives a volume dilution factor because it propagates in extra dimensions. In fact, the top quark mass can be predicted quite insensitively to the cutoff because of the infrared fixed point behavior of the renormalization group (RG) evalution. The infrared fixed point is rapidly approached due to the power-law running in extradimensional theories, 7 even though the cutoff scale is not much higher the the weak scale. Similarly, the Higgs self-coupling also receives the extra-dimensional volume suppression. As a result, the physical Higgs boson is relatively light, ∼ 200 GeV, in contrast with the usual dynamical EWSB models. It is also governed by the infrared In more general models, there may be other light bound states which could be observed in the upcoming collider experiments in addition to the Higgs bosons. The possible light bound states depend on the model. For example, in the eightdimensional model, there is a strongly bound state QQ c transforming like the righthanded bottom quark under the SM gauge group. 2 Inclusion of the first two generations may also introduce more bound states. If the first two generations are localized in four dimensions, they can form four-dimensional bound states, though their binding strength may be smaller because they have no contribution from the extra components of the gauge fields. If all three generations of fermions live in the bulk, then we need to introduce explicit flavor-breaking interactions from the cutoff scale to distinguish them. The flavor-breaking interactions should enhance the third generation channels relative to the first two generation channels so that only the composite Higgs field from the third generation top quark have a negative squared-mass and is responsible for the EWSB. These flavor-breaking interactions can also give masses to the other light fermions.
